Polyacetal

01/02S512

September 2002



TABLE OF CONTENTS

| SUMMARY

A. INTRODUCTION

B. CHEMISTRY AND PROCESS TECHNOLOGY
1. Homopolymer
2. Copolymer

C. ECONOMICS

D. DEMAND

E. SUPPLY

! INTRODUCTION
A. POLYACETAL

O Nexanr

Chem Systems

Page

o O —

11
13
16

18
18

B. OVERVIEW OF THE ENGINEERING THERMOPLASTICS INDUSTRY 27

New Product Model

Components Needed

Definition of the Quality of Finish
Specification of the Finish

Lifetime Expectancy

Cost of Failure

Producer Push/Product Availability

No ok~

n TECHNOLOGY
A. CHEMISTRY
1. General
2. Homopolymer
3. Copolymer
B. PROCESS DESIGN
Homopolymer
Copolymer — General Comments
Solution Copolymer Process
Bulk Copolymer Process
. Simplified Bulk Copolymer Process
C. TRENDS IN POLYACETAL TECHNOLOGY

a bk~

0:\2002Q4\PERPS\0002\4064\production\4064-i-ap.doc

35
35
35
35
36
36
36

37
37
37
38
41
42
42
50
51
95
57
59

PERP 01/02S12, Polyacetal



TABLE OF CONTENTS
(Continued)

v PROCESS ECONOMICS

BASIS

INVESTMENT

ECONOMICS

RAW MATERIAL SENSITIVITY
SENSITIVITY TO SCALE

moow>»

\'} COMMERCIAL ANALYSIS

A. END-USES

1. Transportation

Electrical/Electronics
Industrial/Machinery
Consumer
Appliances
. All Other
B. REGIONAL DEMAND ANALYSIS
North America
Western Europe
Japan
Rest of World
. Global Summary
C. GLOBAL SUPPLY

ook wd

ok wd -~

REFERENCES
GLOSSARY
APPENDIX

PERP TITLE INDEX

0:\2002Q4\PERPS\0002\4064\production\4064-i-ap.doc

O Nexanr

Chem Systems

Page

60
60
62
63
69
73

80
80
80
82
82
83
84
84
85
85
85
87
88
90
93

95
96
98
103

PERP 01/02S12, Polyacetal



Table |.C.1
Table 1.D.1
Table I.D.2
Table I.E.1

Table II.LA1
Table Il.LA.2
Table IlLA.3
Table [lLA.4
Table I1.B.1
Table I1.B.2
Table IV.B.1
Table IV.C.1
Table IV.C.2
Table IV.C.3
Table IV.C.4
Table IV.C.5

Table IV.D.1
Table IV.E.A

Table IV.E.2

Table IV.E.3

Table IV.E.4

0:\2002Q4\PERPS\0002\4064\production\4064-i-ap.doc

O Nexanr

Chem Systems

TABLES

Cost Comparison of Polyacetal Polymerization Processes
Global Demand Summary for Polyacetal

Regional Demand Summary for Polyacetal

Global Polyacetal Capacity, 2002

Physical Properties of Acetal Resins

Selected Polyacetal Grades

Applications of General Purpose Polyacetal Grades

Effect of Glass Fibers on Acetal Properties

Performance Factors (Neat Resin) of Interpolymer Competition
Properties of Selected Glass Filled Engineering Thermoplastics

USGC Polyacetal Production Capital Cost Estimates

Cost Comparison of Polyacetal Polymerization Processes
Cost of Production Estimate for: Polyacetal Homopolymer
Process: DuPont (Includes Finishing)

Cost of Production Estimate for: Polyacetal Copolymer
Process: Solution (Includes Trioxane Unit and Finishing)

Cost of Production Estimate for: Polyacetal Copolymer
Process: Bulk (Includes Trioxane and Unit Finishing)

Cost of Production Estimate for: Polyacetal Copolymer
Process: Simplified Bulk (Includes Trioxane Unit and Finishing)
Cost of Production Estimate for: Formaldehyde (37 wt Percent)
Cost of Production Estimate for: Polyacetal Homopolymer
Process: DuPont (Includes Finishing) @ 20 KMTA

Cost of Production Estimate for: Polyacetal Copolymer
Process: Solution (Includes Trioxane Unit and

Finishing) @ 20 KMTA

Cost of Production Estimate for: Polyacetal Copolymer

Process: Bulk (Includes Trioxane Unit and Finishing) @ 20 KMTA

Cost of Production Estimate for: Polyacetal Copolymer
Process: Simplified Bulk (Includes Trioxane Unit and
Finishing) @ 20 KMTA

Page
11
13
14
17
19
24
24
26
32
33

62
63

65

66

67

68
70

74

75

76

7

PERP 01/02S12, Polyacetal



Table IV.E.5

Table V.A.1
Table V.A.2
Table V.B.1
Table V.B.2
Table V.B.3
Table V.B.4
Table V.B.5
Table V.B.6
Table V.C.1

0:\2002Q4\PERPS\0002\4064\production\4064-i-ap.doc

O Nexanr

TABLES
(Continued)

Cost Comparison of Scale Sensitivity of Polyacetal Polymer
Processes

Typical Acetal Resin Use

Transportation Applications for Polyacetal

North American Demand Summary for Polyacetal
West European Demand Summary for Polyacetal
Japanese Demand Summary for Polyacetal
ROW Demand Summary for Polyacetal

Global Demand Summary for Polyacetal
Regional Demand Summary for Polyacetal
Global Polyacetal Capacity, 2002

Chem Systems

Page

78

81
82
85
86
88
89
91
92
94

PERP 01/02S12, Polyacetal



Figure I.LA.1

Figure |LA.2

Figure I.C.1

Figure 1.D.1

Figure 1.D.2

Figure 11.A1

Figure Il.A.2
Figure Il.A.3
Figure Il.A.4
Figure 11.B.1

Figure 11.B.2
Figure 11.B.3
Figure 11.B.4
Figure 111.B.1
Figure 111.B.2
Figure 111.B.3
Figure 111.B.4
Figure 111.B.5
Figure 111.B.6
Figure Il1.B.7
Figure I11.B.8
Figure IV.C.1
Figure IV.D.1
Figure IV.D.2
Figure IV.E.1

0:\2002Q4\PERPS\0002\4064\production\4064-i-ap.doc

(@)

FIGURES

Strengths/Weaknesses of Polyacetal

Polyacetal’s Properties can be Changed/Enhanced to Better
Meet Market Needs

Cost Comparison of Polyacetal Processes

Regional Polyacetal Demand Summary

Regional Demand Summary for Polyacetal

Strengths/\Weaknesses of Polyacetal

Properties of Polyacetal

Polyacetal’s Properties can be Changed/Enhanced to Better
Meet Market Needs

A Few Acetal Blends are Commercially Available
Engineering Thermoplastics Price/Performance Matrix
Competition Among the Engineering Thermoplastics
Primary Engineering Thermoplastics End-Use Requirements
Properties of Composite Materials

Polyacetal Homopolymer Formaldehyde Purification
Polyacetal Homopolymer Polymerization Process
Polyacetal Homopolymer Stabilization Process
Plant for Finishing Polyacetal

Production and Purification of Trioxane

Polyacetal Copolymer Wet End Process

Bulk Polyacetal Copolymer Polymerization Process

Simplified Polyacetal Copolymerization Polymerization Process

Cost Comparison of Polyacetal Processes

Effect of Formaldehyde Cost on Homopolymer Polyacetal
Resin Economics

Effect of Formaldehyde Cost on Copolymer Polyacetal
Resin Economics

Cost and Scale Comparisons of Polyacetal Production Processes

Nexanr

Chem Systems

Page

12
14
15

21
22

23
25
28
29
30
34

43
44
45
49
52
54
56
58

65
71

72
79

PERP 01/02S12, Polyacetal



Figure V.B.1
Figure V.B.2
Figure V.B.3
Figure V.B.4
Figure V.B.5
Figure V.B.6

0:\2002Q4\PERPS\0002\4064\production\4064-i-ap.doc

FIGURES
(Continued)

North American Polyacetal Demand by End-Use, 2001
West European Polyacetal Demand by End-Use, 2001
Japanese Polyacetal Demand by End-Use, 2001
ROW Polyacetal Demand by End-Use, 2001

Regional Polyacetal Demand Summary

Global Polyacetal Demand by End-Use, 2001

O Nexanr

Chem Systems

Page

86
87
89
90
91
92

PERP 01/02S12, Polyacetal



	TABLE OF CONTENTS
	Page
	TABLE OF CONTENTS
	(Continued)
	Page
	TABLES
	(Continued)
	FIGURES
	FIGURES
	(Continued)
	SUMMARY
	INTRODUCTION
	CHEMISTRY AND PROCESS TECHNOLOGY
	Homopolymer
	Copolymer

	ECONOMICS
	DEMAND
	SUPPLY

	INTRODUCTION
	POLYACETAL
	OVERVIEW OF THE ENGINEERING THERMOPLASTICS INDUSTRY
	New Product Model
	Components Needed
	Definition of the Quality of Finish
	Specification of the Finish
	Lifetime Expectancy
	Cost of Failure
	Producer Push/Product Availability


	TECHNOLOGY
	CHEMISTRY
	General
	Homopolymer


	Polymerization
	Stabilization
	
	Copolymer

	PROCESS DESIGN
	Homopolymer


	Formaldehyde Purification
	Formaldehyde Polymerization
	Polyacetal Stabilization
	Product Finishing
	
	Copolymer – General Comments
	Solution Copolymer Process


	Trioxane Production
	Trioxane Polymerization
	Hydrolysis of Unstable Terminal Groups
	Product Finishing
	
	Bulk Copolymer Process
	Simplified Bulk Copolymer Process

	TRENDS IN POLYACETAL TECHNOLOGY

	PROCESS ECONOMICS
	BASIS
	INVESTMENT
	
	
	
	Simplified Bulk




	ECONOMICS
	RAW MATERIAL SENSITIVITY
	SENSITIVITY TO SCALE

	COMMERCIAL ANALYSIS
	END-USES
	Transportation
	Electrical/Electronics
	Industrial/Machinery
	Consumer
	Appliances
	All Other

	REGIONAL DEMAND ANALYSIS
	North America
	Western Europe
	Japan
	Rest of World
	Global Summary

	GLOBAL SUPPLY

	REFERENCES
	GLOSSARY
	APPENDIX
	Elements of Nexant/Chem Systems' Capital Cost Estimates
	Process Evaluation/Research Planning, 2002
	Costs typically included in Nexant/Chem Systems' capital cost estimates are defined as follows:
	A.INSIDE BATTERY LIMITS INVESTMENT
	B.OUTSIDE BATTERY LIMITS INVESTMENT
	C.CONTRACTOR CHARGES
	D.PROJECT CONTINGENCY ALLOWANCE
	E.OTHER PROJECT COSTS
	These costs are very site/project specific; however, they typically range from 20 to 40 percent of installed ISBL + OSBL costs.  A norm value of 25 percent will be used in the absence of more specific information.
	Startup/Commissioning Costs
	F.WORKING CAPITAL



